The effects of inulin, carrot, and cellulose fibres (3%, 6%, and 9%) on raw and fried chicken meatballs were studied. Meatball pH, thiobarbituric acid reactive substances (TBARS), and colour values were determined for raw samples in refrigerated storage on the 1st, 5th and 10th days. The effects of fibres and their various levels on frying characteristics such as yield, diameter reduction, moisture retention, fat absorption, colour and sensory properties of fried chicken meatballs were evaluated. Fibres caused significant differences in the pH and TBARS values of the raw meatballs owing to their sources and levels. They improved colour properties (L: lightness, a: redness, b: yellowness) of the raw and fried samples. In addition, cellulose and carrot fibres affected the yield, moisture absorption, and diameter reduction values of the fried samples positively. In conclusion, the use of fibres in such products can affect product quality positively. The use of 3% inulin, 9% carrot, and 6% and 9% cellulose fibres had more beneficial effects on chicken meatballs. ______________________________________________________________________________________
Introduction
Dietary fibre has beneficial effects on human health owing to its functional properties such as regulating the activity of the large intestine. In recent years, consumers have started to focus on healthy foods, because of the increase in diabetes, cancer, cardiovascular diseases, and obesity. For this reason, food producers are making an effort to produce healthier foods, by trying to produce low-fat meat and poultry products to reduce calorie intake by using fibres (Kılınççeker, 2011; Cava et al., 2012; Santhi & Kalaikannan, 2014; Tabarestani & Tehrani, 2014) . The use of non-meat ingredients such as fibre in chicken meat products can improve their functional properties, such as water-holding capacity and antioxidant characteristics.
Certain shape, texture, and colour problems in meat products may be seen during processing. In addition, oxidation and proteolytic deterioration of these products may occur during storage (Cava et al., 2012; Petracci et al., 2013) . These problems can pose health risks to people. Additionally, they can cause financial losses for consumers and producers. However, the shelf life of meatballs and similar foods can be increased by reducing the degradation of fats and proteins. For these reasons, the use of additives, such as fibres, in preventing deterioration in meat products has been the topic of many studies (Khalil, 2000; McCarthy et al., 2001; Talukder & Sharma, 2010; Castro et al., 2011; Ibrahim et al., 2011; Cava et al., 2012; Petracci et al., 2013) .
Fibres are easily obtained from plant-derived materials such as polysaccharides, oligosaccharides, and lignin. They have many functions and activities (Dhingra et al., 2014) . For example, depending on their physico-chemical properties, they can improve the colour, texture, and sensory properties of foods (Biswas et al., 2011) . These fibres are low in cost and can be used in chicken meat products to increase frying efficiency and improve texture. Moreover, they can affect the sensory properties of these products positively. Fibres may have properties, depending on their types and sources, which can cause differences in foods. The use of the most appropriate fibre in food processing and storage is important for the final product quality (Petracci et al., 2013; Pinero et al., 2008; Sanchez-Zapata et al., 2010) .
However, the influence of fibre on fried chicken meatballs has been studied by only a few researchers. The aim of this study was therefore to determine the effects of inulin, carrot, and cellulose fibres on certain frying and storage stability properties of chicken meatballs.
Materials and methods
Fibres of inulin (moisture 5%, total fibre content 90%, particle size <250 µm), cellulose (moisture 7%, total fibre content 92%, particle size <250 µm), and carrot (moisture 9%, total fibre content 86%, particle size <250 µm) were obtained from Kimbiotek Co (Istanbul Turkey). Sunflower oil (Yudum, Yudum Co., Balıkesir, Turkey) was used as a frying medium. The chicken breast meat, without skin, and other ingredients were obtained from a local market in Adıyaman. A fryer (Tefal, FF1024, China) with a thermostatic heat control was used in the frying operations.
Chicken breast meats were kept at -18 °C in plastic bags (medium polyethylene). They were thawed at 4 °C for 18 hours and minced with a mincing machine (Tefal, Le Hachoir 1500). A sample of about 9700 g minced meat was kneaded with 150 g salt (NaCl), 50 g black pepper, and 100 g sunflower oil for 15 min and rested at 4 °C for 30 min. This formulation was divided into 10 groups and various levels of each fibre were added to each, as presented in Figure 1 . Thereafter, each group was re-kneaded for 1 min and shaped into meatballs by hand at equal weight (20 g) and diameter (30 mm). Then each group was divided into two. One set was used to determine storage stability, the other for frying. For storage stability, the raw meatballs were placed in polystyrene dishes, wrapped with stretch film, and stored at 4 °C for 10 days to determine pH, TBARS (thiobarbituric acid reactive substances), and colour values on the 1st, 5th, and 10th days of storage. For frying, freshly prepared meatballs were fried using 1 L sunflower oil at 175 °C for 5 min in a deep fryer (Tefal, FF1024, China) in order to determine the colour, yield, diameter reduction, moisture retention, fat absorption, and sensory properties. Ten meatballs were used in each analysis. A flow chart of the formulation and analyses of the chicken meatballs is presented in Figure 1 .
Figure 1 Flow chart of chicken meatball formulations and analyses
Ten grams of sample were homogenized in 100 ml deionized water for 1 min and pH was measured with a pH meter (Orion 3-Star, Thermo Fisher Scientific, Waltham, MA), as outlined by Ockerman (Ockerman, 1985) . To determine the extent of oxidative rancidity of the samples after 1, 5, and 10 days of storage, TBARS values were determined as described by Tarladgis et al. (1960) . For this purpose, the samples were blended in a commercial blender (Warning Commercial Blender), and then 10 g of the blended samples was mixed with 50 mL of 50 °C distilled water. The homogenate was quantitatively transferred to an 800-mL Kjeldahl flask using 48 mL of 50 °C distilled water, containing 2 mL of 18% HCl. The resultant mixture was heated, and the first 50 mL of distillate was collected. Five milliliters of the distillate was added to 5 mL of TBA reagent, and heated in a boiling water bath for 35 min. The absorbance was read at 538 nm (UV-160 A, UV-Visible Recording Spectrophotometer, Shimadzu, Tokyo, Japan) against a reagent blank. The TBARS numbers were expressed as mg of malonaldehyde/kg samples.
Colour values were measured with a colorimeter (CR-400, Konica Minolta, Inc., Osaka, Japan) with illuminant D65, 2° observer, Diffuse/O mode, 8-mm aperture of the instrument for illumination and 8 mm for measurement. The measurements were calibrated with a white reference tile after the L, a, and b measurement functions of the device ad been selected. Colour was described according to CIELAB system as L, a, and b values (Dogan, 2006) . Four meatballs of each sample were used for the analysis and three replicate measurements were taken on the surface of each meatball.
To calculate the frying yield and diameter reduction values, the weight and diameter of meatballs, before and after frying, were measured according to Equations (1) and (2):
The moisture content of raw and cooked samples was determined at 105 ± 2 °C by oven air method and the fat content was evaluated by using the Soxhlet extraction method with n-hexane (AOAC, 2002) . Then, moisture retention and fat absorption values were calculated according to Equations (3) and (4) (Soltanizadeh & Ghiasi-Esfahani, 2015) :
Fried chicken meatballs were served in random order to a ten-member trained panel of graduate students from the Department of Food Processing at Adıyaman University two minutes after frying for sensory analyses. The panellists assessed the sensory properties with a hedonic scale for appearance, colour, odour, taste, texture, and acceptability. The values in the scale indicated these reactions, namely 1= dislike very much to 9 = like very much (Gokalp et al., 1999) .
The experimental procedure was designed as two repetitions and three parallels. As a factorial design, three levels (3, 6, and 9%) of three factors (inulin, carrot, and cellulose) were studied in three storage times (1st, 5th, 10th days). The data were subjected to analysis of variance (ANOVA). When there were differences among the samples, the differences were compared with Duncan's multiple-range tests; a probability value of P <0.05 was considered significant.
Results and discussion
The effects of fibres were found to be significant on the physico-chemical properties of raw meatballs. As shown in Table 1 , the pH values of meatballs changed with each fibre. The effects of carrot fibre on the pH values were found to be higher than those of inulin and cellulose fibres. The addition of carrot fibre decreased the pH values; in particular, the effect of increasing carrot fibre concentration was found to be significant (P ˂0.05). The acidic nature of carrot might have decreased the pH values of the samples. However, the increased concentration of inulin and cellulose decreased pH values irregularly on the 10th day. Moreover, pH values of samples decreased with increasing storage time. pH values may have been affected by the microbial activity of raw meatballs during storage. Kılınççeker (2017) reported that tara, taragakant, and agar gums had significant effects on the pH values of chicken meatballs. However, Sanchez-Zapata et al. (2010) stated that the effects of various levels of tigernut fibre on pork burger did not cause differences. They reported that the pH values of burgers changed in the range of 6.16 to 6.20.
Similarly, Demirci et al. (2014) reported that the pH values of uncooked and cooked meatballs with different gums changed in the range of 6.7 to 6.9. Yılmaz (2004) determined that the pH value of meatballs with 5, 10, 15, and 20% rye bran ranged from 6.02 to 6.09. They have also determined the highest pH values from 10% and 20% rye bran. The authors found lower pH values (Table 1 ) than in this study due to the use of different fibres.
The effects of fibres on the meatballs were found to be significant on lipid oxidation stability. TBARS is an important parameter to determine lipid oxidation of meat products. The TBARS values of meatballs with inulin (6% and 9%) were found to be lower than those with cellulose and carrot, respectively (Table 1) . Moreover, TBARS values of samples with inulin (6%, 5th day) were lower than carrot and cellulose fibres at the same concentration. Increased carrot concentration increased TBARS values at the 5th day. However, higher concentrations of inulin and carrot fibres increased TBARS values at the 10th day. The TBARS values of samples with each fibre increased in the last days of storage. Serdaroğlu et al. (2005) reported that TBARS values of low-fat meatballs with legume flours were in the range of 0.67 to 0.82 mg/kg at day 0 and 1.99 to 2.55 mg/kg at the 3rd month at storage at -18 °C. They stated that at the end of storage, the TBARS values of the meatballs were within the consumption limits. Furthermore, Cava et al. (2012) reported that tomato fibre and beetroot fibre reduced lipid oxidation of chicken products. Moreover, oxidation had a relationship with the level of fibres. They found TBARS values in the range of 2.03 to 3.82 mg/kg at the 10th day of storage (4 °C). Generally, TBARS values of raw meatballs were at an acceptable level of consumption, as provided by Gokalp et al. (1999) , ranging from 0.7 to 1 mg/kg. In addition, TBARS values were found to be lower than the values of Schormüller (1969) at the end of storage.
The results of the colour analysis showed that the effects of fibres on L, a and b were significant ( Table 1) . As shown in Table 1 , the addition of fibres increased the L values of the samples. The L values of meatballs with cellulose fibre (6% and 9%, at 1st and 10th days, respectively) were higher than meatballs with carrot fibre and inulin at the same concentrations and same storage times. Moreover, the L values of samples with cellulose fibre (3%) were higher than samples with carrot fibre (3%) and inulin (3%) at the 5th day. The effects of storage time decreased the L values of the samples with carrot fibre at 3% and 6% levels. However, storage time decreased the L values of the samples with 9% cellulose fibre. The addition of fibres increased the a and b values of the sample (Table 1) . The a and b values of meatballs with carrot fibre were found to be higher than those of meatballs with cellulose or inulin. The effects of storage time on the a values of the samples were found to be significant at the 10th day. Storage time decreased the a values of the samples. However, the effects of storage time on the b values of samples containing inulin or carrot fibres were significant.
The colours of raw chicken meatballs would be affected by the natural colours of fibres. In addition, oxidation might affect the colours during storage (Kılınççeker, 2017) . Cava et al. (2012) reported that the L value was significantly lower in a chicken product with tomato and beetroot (3%) fibres than in the control and inulin ones. Moreover, inulin (1% and 2%) and beetroot fibre (1% and 2%) increased the L values. In addition, tomato fibre increased the a value, while inulin and beetroot fibre lowered the a value compared with control and those with tomato fibre. Additionally, beetroot fibre and tomato fibre at 1% and 3% concentrations increased b values compared with the control, while inulin created changes in the yellowness of raw chicken meat products. They found colour values of meatballs in the ranges of 47.7 to 67.8 for L, 0.6 to 13.5 for a, and 5.7 to 33.7 for b. In the current study, the L, a and b values were lower than in Cava et al.'s (2012) study. These differences were associated with the types and levels of fibre added to the sample. Aleson-Carbonel et al. (2005) reported that the inclusion of fibre from citrus fruit (lemon albedo) also affected colour values of beef burgers.
The effects of fibres on the instrumental colour values of fried chicken meatballs were found to be significant. As shown in Table 2 , the L values of fried chicken meatballs increased with cellulose and decreased with inulin. The L values of samples with cellulose were found to be higher than samples with carrot fibre or inulin at the same concentrations (6% and 9%). Fibres increased the a values of sample. In particular, increasing inulin concentration heightened the a values (Table 2) . Moreover, in the study the a values of samples with inulin were higher than those of carrot and cellulose. The effects of 6% inulin and 6% carrot fibres on the b values were found to be significant ( Table 2 ). The b value of the sample with 6% fibre was found to be high in cellulose, carrot and inulin, respectively. Kilincceker & Yilmaz (2016) reported that the natural colour of fibres plays an important role in the colour of fried chicken meatballs. The authors stated that pea and oat fibres increased the lightness of the samples. They also determined that the addition of wheat and apple fibres increased the a values and pea fibre increased the b values of fried chicken meatballs. Similarly, Yılmaz (2004) reported that 20% rye bran increased the L values of meatballs. In addition, Yılmaz (2004) reported that the addition of rye bran increased the b values, but decreased the a values of cooked meatballs. However, Yaşarlar et al. (2007) reported that meatballs with bran had lower L, a, and b values than control samples. Reduced frying yield and diameter values are the result of the denaturation of meat proteins with loss of water and absorption of fat. They are important in maintaining the quality level of meatballs and are affected by the fat absorption and water-holding capacities of fibres (Cava et al., 2012) . These values of chicken meatballs are shown in Table 3 . Aside from inulin, it was understood that the addition of fibres increased yield values. Increasing inulin levels decreased the frying yield values. The yield value was highest in meatballs containing 3% carrot. In addition, the frying process can affect the dimensions of samples, as shown in Table 3 . However, carrot fibre prevented the diameter reduction of fried meatballs. The effects of cellulose and carrot fibres on the diameter of samples were better than those of inulin at 6% and 9% concentration levels. Kilincceker and Yilmaz (2016) reported that higher frying yields were determined in fried chicken meatballs with 5% oat fibre, 5% wheat fibre, 5% pea fibre, 5% apple fibre, and 5% lemon fibre. Talukder & Sharma (2010) reported that the cooking yield of chicken meat patties prepared with wheat bran and oat bran was affected by the bran type, and the cooking yield rose as the bran content (0, 5, 10, and 15%) increased. Cava et al. (2012) reported that tomato fibre (1% to 3%) reduced cooking loss in cooked chicken products. Similar results were found by Sanchez-Zapata et al. (2010) in pork burgers with tigernut fibre. Samples with tigernut fibre had higher cooking yield than control. Sanchez-Zapata et al. (2010) reported that tigernut fibre decreased the diameter reduction values of pork burger. Similarly, Mansour and Khalil (1997) found that wheat fibre decreased the diameter reduction values compared with control. Kurt & Kılınççeker (2012) also found that cereal and legume flour decreased the diameter reduction values of beef patties.
The frying process causes water evaporation in the meatballs. However, this change facilitates fat absorption. The fibres can retain water and form a barrier against fat absorption (Kılınççeker & Kurt, 2010) . Moisture retention and fat absorption values are summarized in Table 3 . Moisture retention of samples during the frying process was not affected significantly by the addition of cellulose (Table 3) . However, the addition of inulin and 9% carrot fibre decreased the moisture contents of the samples. The effects of cellulose and carrot fibres on moisture retention values were better than inulin. In contrast to moisture retention, fat absorption was lower in meatballs with carrot fibre than others. The addition of inulin and cellulose fibres increased fat absorption values significantly (Table 3) . However, the effects of carrot and cellulose fibres on the fat absorption values were better than inulin, in particular 9% carrot fibres. Pinero et al. (2008) reported that the addition of 13.45% oat fibre in beef patties increased moisture retention. Serdaroğlu (2006) reported that samples with oat flour had higher moisture retention values than control. Similar results were observed by Kurt and Kılınççeker (2012) and Ulu (2006) for moisture retention. Sanchez-Zapata et al. (2010) determined that tigernut fibre affected the moisture retention of pork burgers. Also, they stated that the addition of 15% fibre had higher moisture retention values than 5% and 10% fibre in burgers. Yaşarlar et al. (2007) reported that 20% rye bran caused a decrease in fat content compared with control. Mansour & Khalil (1997) found that cooked beef burgers with wheat fibres had lower fat content than control. Santhi & Kalainkannan (2014) stated that increased levels of oat flour in cooked chicken nuggets caused a decrease in the percentage of fat. The effects of fibres on the sensory quality of fried chicken meatballs were found to be significant, as shown in Table 4 . The appearance score was highest with 3% inulin. The effect of fibre types was not found to be significant at the same concentrations without 3%. The addition of carrot and cellulose (3%) fibres decreased appearance values. The addition of carrot, inulin (9%) and cellulose (3% and 9%) decreased the colour values of the samples (Table 4 ). The colour values of samples with 3% and 6% inulin were higher than carrot and cellulose fibres at the same concentration.
Odour scores of the samples decreased with more than 3% carrot fibres (Table 4) . However, different concentrations of inulin and cellulose did not affect odour scores significantly. The effects of inulin on the taste values of samples were not significant. However, carrot and cellulose fibres decreased taste values (Table 4 ). The effects of inulin and cellulose fibres on taste scores were greater than carrot fibre at the same concentration. Although the addition of carrot and cellulose decreased the texture values of the samples, the effects of inulin addition were not found to be significant (Table 4 ). The texture scores of the samples with inulin or cellulose fibres (6% and 9%) were higher than samples with carrot fibre at the same concentrations.
The acceptability of the samples with 3% inulin was highest, as shown in Table 4 . The addition of carrot decreased acceptability values. Moreover, 3% and 9% cellulose fibre decreased acceptability values of the samples. The acceptability scores of the samples with inulin and cellulose fibres were higher than those of carrot fibre at the same concentrations (6% and 9%).
Appearance and colour can change the attractiveness of foods and affect consumer preference. These properties of chicken meatballs can be influenced by the natural colour of the fibres (Kilincceker & Yilmaz 2016). Santhi & Kalaikannan (2014) reported that increased addition of oat flour decreased some sensory properties of chicken nuggets. Mansour & Khalil (1997) stated that fibre types were significant in cooked beef burgers, whereas wheat fibre levels were not significant. Sanchez-Zapata et al. (2010) reported that tigernuts (0, 5, 10, and 15%) did not cause significant differences in pork burger (0, 5, 10, and 15% of level). Pinero et al. (2008) reported that the addition of oat soluble fibre did not affect the appearance, 
Conclusion
Fibre types and levels had significant effects on raw and fried chicken meatballs. Moreover, their effects on chicken meatballs caused differences during refrigerated storage. The results of the study indicated that fibres had a beneficial influence on raw and fried chicken meatballs and have potential application. They can cause differences in the properties of meatballs, depending on their sources and levels. It can be said that cellulose and carrot fibres can improve the technological properties of chicken meatballs, whereas inulin has more effect on sensory properties than the others. In particular, 3% inulin, 9% carrot, and 6% and 9% cellulose had more beneficial effects on chicken meatballs.
